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ABSTRACT 

This  report  presents  reflection  cross  sections  observed  for  eight 
satellites  during  the  period  1  January  1959  to  1  July  i960,  using  the 
DOPLOC  "dark  satellite"  detection  system  developed  by  the  Ballistic 
Research  Laboratories.  Several  related  areas  are  discussed;  i.e., 
satellite  "signature",  spin  and  tumble,  scintillation  and  ionized 
trails.  A  brief  description  of  the  DOPLOC  receiving  system  and 
antenna  configuration  is  included.  The  method  used  for  calculation 
of  cross  sections  is  given  in  Appendix  I. 
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I.  INTRODUCTION 


During  the  period  1  January  1959  to  1  July  i960,  the  Ballistic 
Research  Laboratories,  under  funding  from  the  Advanced  Research  Projects 
Agency  (ARPA  Order  8-56),  operated  a  tlu*cc-station,  reflection  Doppler 
satellite  tracking  system,  extending  across  the  south-central  United 
States  from  Tennessee  to  New  Mexico.  This  system,  known  as  DOPLOC 
(DOppler  Phase  LOCK),  provided  a  means  of  detecting  and  tracking  radio- 
silent,  or  "dark"  satellites. 

A  transmitting  station  was  located  at  Fort  Sill,  Oklahoma  and 
receiving  stations  were  located  at  White  Sands  Missile  Range,  New  Mexico 
and  at  Forrest  City,  Arkansas.  The  stations  were  initially  canned  on  a 
twenty-four  hour,  seven-day-per-week  busls,  as  part  of  the  nation-wide 
satellite  surveillance  net.  Following  permission  from  ARPA  to  discontinue 
routine  twenty-four  hour  operation,  the  White  Sands  station  was  deactivated 
and  a  basic  eight-hour  work  day  was  adopted  at  the  Fort  Sill  and  Forrest 
City  stations  on  or  about  1  October  1959.  The  actual  hours  of  operation 
were  chosen  to  adapt  the  work  schedule  to  the  times  of  most  frequent 
satellite  passes. 

The  flexible  schedule  by  which  the  field  stations  operated  has 
provided  considerable  data  from  known  satellites,  Unidentified  Flying 
Objects  (UFO's)  and  meteors.  Many  satellites  and  UFO'g  have  been 
successfully  detected  and  tracked  by  the  DOPLOC  technique  and  their  time 
of  crossing,  altitude,  east-vest  position  and  effective  reflection  cross 
section  determined  from  single  pass  data  from  a  single  receiving  station. 
Crossing  time  and  position  data  was  forwarded  to  Space  Track  Control 
Center  for  inclusion  in  their  orbital  prediction  program. 
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II.  DOPLOC  SYSTEM  DESCRIPTION 


A.  Equipment 


The  DOPLOC  ayatem  consisted  of  a  50-kw  continuous  wave,  108  Mc/o 
transmitter  located  at  Fort  Sill,  Oklahoma,  which  fed  one  of  three 
narrow-beam,  high-gain  antemmr..  These  high-gain  antennas  emitted 
narrow,  fan-shaped  beams,  one  directed  PO  degrees  above  the  northern 
horizon,  one  directed  vertically  and  one  directed  20  degrees  above  the 
southern  horizon  (see  Figure  l). 


The  signal  reflected  from  a  satellite  passing  through  the  trans¬ 
mitter  beam  was  received  at  one  or  both  of  the  receiving  stations.  Each 
receiving  station  had  three  high-gain  antennas  oriented  to  "see"  the 
space  volume  illuminated  by  the  transmitter.  The  reflected  Doppler 
signal  was  fed  through  a  receiver  to  a  bank  of  fixed  audio  frequency 
filters  known  as  the  Automatic  Lock-On  (ALO)  and,  subsequently,  to  a 
narrow  bond,  phase-locked  tracking  filter.  The  appearance  of  a  Doppler 
signal  in  one  of  the  fixed  filters  activated  a  control  circuit  which 


pulled  the  tracking  filter  frequency  over  to  the  signal  frequency  and 
caused  a  phase  lock  between  the  two.  The  tracking  filter  then  tracked 
the  Doppler  signal  frequency  continuously  as  the  satellite  passed  through 
the  antenna  beam.  3iock  diagrams  of  the  DOPLOC  receiving  system  and  ALO 
are  shown  in  Figures  2,  3,  L  and  5. 


A  satellite  which  crossed  the  base  line  Joining  the  transmitter  and 
receiver  traversed  each  of  the  three  overlapping,  fan-shaped  antenna  beams 
(see  Figure  6).  This  resulted  in  three  separate  Doppler  records,  one  for 
each  of  the  three  antennas,  separated  in  time  by  30  -  60  seconds.  The 
length  of  the  records  varied,  averaging  about  7  seconds  in  the  center 
antenna  and  15  -  25  seconds  in  the  north  and  south  antennas.  The  digital 
Doppler  data  as  a  function  of  time  were  printed  on  paper  tape  and  also 
converted  to  binary  form  and  punched  into  standard  five-hole  teletype 
tape  for  transmission  via  commercial  teletype  to  the  BRL  computer  center, 
where  they  were  fed  to  the  ORDVAC  computer  to  obtain  satellite  orbital 
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parameters.  Figure  7  allows  typical  D0PI.0C  data  output  and  Figure  8 
shows  a  typical  orbital  solution  calculated  using  this  type  of  data. 

In  addition  to  recording  the  digital  data,  recordings  on  paper  charts 
were  made  of  the  Doppler  analog  frequency  and  signal  strength  with 
respect  to  time.  Reproductions  of  these  records  are  presented  in  this 
report . 

B.  Antenna  Dimensions  and  Orientation 

The  special  nigh-gain  antennas  were  6o  feet  long  and  10  feet  wide 
with  beam  dimensions  of  8  x  ?6  degrees  and  a  gain  of  l6  db  over 
isotropic.  Tliree  of  these  antennas  were  installed  at  each  of  the  receiving 
stations  and  at  the  transmitting  station.  The  antenna  installation  at 
the  transmitting  station  is  shown  in  Figure  9- 

When  the  DOPLOC  satellite  detection  system  assumed  twenty-four  hour 
operational  status  in  January  1959>  the  transmitter  at  Fort  Sill  served 
as  the  illuminator  for  both  receiving  stations.  At  that  time,  the  high- 
gain  antennas  were  oriented  in  azimuth  and  elevation  as  shown  in  Figure 
10.  In  the  fall  of  1959 >  the  receiving  station  at  White  Sands  was  de¬ 
activated  and  it  was  decided  to  tilt  the  antennas  at  Fort  Sill  and  Forrest 
City  to  produce  more  favorable  coverage.  The  reorientation  of  the 
antennas  to  the  configuration  shown  in  Figure  11  was  made  in  November  1959. 

A  complete  and  detailed  description  of  the  DOPLOC  satellite  detection 
und  tracking  system  may  be  found  in  BRL  Report  No.  1123,  "The  DOPLOC 
Instrumentation  System  for  Satellite  Tracking"  (February  1961). 
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III.  FIELD  DATA 


A.  Satellite  Records 

During  the  18-raonth  operation  of  the  DOPLOC  system,  111  reflections 
were  received,  resulting  from  observations  of  89  Individual  satellite 
posses,  tore  than  half  of  these  reflections  were  received  by  the  center 
antenna  alone,  while  the  rest  were  observed  by  the  north  or  south 
antennas  or  various  combinations  of  the  three  antennas. 

Reproductions  of  DOPLOC  Doppler  reflection  data  are  presented  as 
follows: 

Sputnik  III  (58  Delta),  Figures  12  to  45;  Discoverer  V  (59  Epsilon), 
Figures  46  to  52;  Discoverer  VI  (59  Zeta),  Figures  53  to  59)  Discoverer 
VII  (59  Kappa),  Figure  60;  Discoverer  VIII  (59  Lambda),  Figures  61  to  66; 
Transit  IB  rocket  (60  Gamma  1),  Figures  67  to  71;  Transit  IB  (60  Gamma  2), 
Figure  72;  Discoverer  XI  (60  Delta),  Figures  75  to  80;  Sputnik  IV  (60 
Epsilon  l),  Figures  8l  to  66;  Sputnik  IV  rocket  (60  Epsilon  2),  Figures 
67  to  95;  Sputnik  IV  fragments  (60  Epsilon  5,  4,  5  and  6),  Figures  96 
to  100.  A  summary  of  these  reflections  arranged  by  satellite  and  antenna 
is  given  in  Table  1,  and  a  detailed  explanation  of  each  pass  may  be  found 
in  Table  2. 

B.  Unidentified  Flying  Objects 

A  number  of  reflections  were  received  and  recorded  which  could  not 
be  correlated  with  the  predicted  position  of  any  known  satellite.  These 
were  termed  Unidentified  Flying  Objects  and  reproductions  of  14  of  these 
reflections  are  shown  in  Figures  101  to  114,  with  a  detailed  listing  in 
Table 
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(3)  Acquired  by  North,  Center  and  South  antennae. 

(4)  Acquired  by  North  and  Center  antennae. 

(5)  Acquired  by  North  and  South  antennas 

(6)  Terminal  revolution. 
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C.  Doppler  Recording 


The  typical  fora  In  which  DOPLOC  data  arc  recorded  for  satellite 
detection  is  shown  in  Figure  60,  a  record  of  Discoverer  VII  (59  Khppa). 
An  explanation  of  this  record  and  the  ALO  device  by  which  it  was  obtained 
follows.  The  upper  portion  of  the  chart  is  an  analog  record  of  tracking 
filter  output  frequency .  The  short,  evenly  spaced  marks  indicate  the 
successive  frequencies  at  which  the  tracking  filter  is  set  while  the 
system  is  in  the  scorch  mode.  The  tracking  filter  is  stepped  in  1  kc/s 
intervals  to  maintain  a  frequency  midway  in  the  1  kc/o  spectrum  to  which 
the  comb  filters  are  set.  This  minimizes  the  time  required  to  pull  the 
tracking  filter  frequency  to  a  signal  frequency  detected  in  one  of  the 


fixed  filters.  The  comb  filter  bank  consists  of  ten  filters,  each  with 
a  20  c/s  bandwidth,  spaced  100  c /::  apart.  The  filter  bank  "looks"  at  a 
1  kc/s  frequency  hand  for  .1  second;  then  It  is  switched  up  1  kc/s  by  a 
heterodyne  method  and  this  proecs.,  continues,  until  either  the  desired 
frequency  band  has  been  covered  or  a  signal  is  detected.  Figure  6o  shows 
the  tracking  filter  output  when  a  12  kc/s  scan  is  used.  The  ALO  con  also 
be  adjusted  to  scan  a  4  kc/s  range  (see  Figure  19)  or  a  2  kc/s  range 
(see  Figure  24),  or  it  may  be  manually  positioned  to  e  desired  frequency 
value .  Manual  operation  is  useful  when  attempting  to  lock  the  filter  on 
a  signal  being  played  back  from  magnetic  tape,  where  the  initial  Doppler 
frequency  is  known  witnin  a  few  cycles  per  second.  Figures  15  and  22 
are  examples  of  manual  filter  positioning. 


The  initiation  of  phase-locked  tracking  is  accomplished  quickly  when 
a  signal  frequency  is  detected  in  one  of  the  fixed  filters.  The  control 
circuit  pulls  the  tracking  filter  frequency  over  to  the  received  Doppler 
signal  frequency  in  about  10  milliseconds  and  within  Qo  to  90  milliseconds 
all  transients  have  subsided  and  phase-locked  tracking  begins.  Figure  60 
shows  this  transition  from  step  scanning  to  continuous  tracking  at  1714:58 
Z  time.  Concurrently,  the  digital  counter  and  printer  is  started  and  the 
time  period  of  1000  cycles  of  the  Doppler  is  printed  at  one  second  intervals 
on  paper  tape.  Simultaneously,  the  period  count  is  converted  to  binary  form 
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£uul  punched  Into  five-hole  teletype  tape.  The  Doppler  period  count  for 
Revolution  185  of  59  Kappa,  which  corresponds  to  the  Doppler  frequency 
analog  record,  is  shown  at  the  top  left  of  Figure  60.  The  right  five 
digits  constitute  the  count,  while  the  left  six  digitc  represent  Universal 
Tine  in  hours,  minutes  and  seconds.  The  Doppler  frequency  in  cycles  per 
second  is  10  times  the  reciprocal  of  the  count.  A  Doppler  frequency 
record  readable  to  0.1  c/s  is  obtained  in  this  manner.  If  desired,  the 
Doppler  frequency  cay  also  be  printed  directly  in  digital  form  (see 
Figure  7). 

D.  Signal  Strength 

The  lower  part  of  the  chart  in  Figure  60  is  a  record  of  the  AGO 
voltage  from  the  tracking  filter.  While  in  the  search  mode,  the  AGO  is 
shorted,  giving  the  clean,  straight  line  at  2  mm  deflection.  When  a 
signal  is  detected,  the  AGO  voltage  first  decreases  due  to  an  initial 
threshold  voltage  of  opposite  polarity  existing  on  the  AGO  line,  which 
causes  a  deflection  toward  zero  on  the  chart.  Then,  as  the  signal 
amplitude  increases,  the  AGO  voltage  increases  as  shown  by  the  scale 
calibration.  The  chart  is  calibrated  in  power  input  level  (in  dbw)  to 
the  receiver  input  terminals  and  also  in  relative  signal  in  terms  of  the 
s ignal-to-noise  ratio  at  the  receiver  output,  i.e.,  in  db  below  1:1  s/N 
at  the  receiver  output.  With  a  10  z/a  bandwidth,  the  tracking  filter  can 
track  signals  that  are  2 6  db  down  in  the  noise  from  the  16  kc/s  bandwidth 
receiver. 

The  signal  strength  record  of  59  Kappa  in  Figure  60  shows  a  maximum 
signal  of  -l6l  dbw  which  is  2  db  down  in  the  noise  at  the  receiver  output. 
The  rather  narrow,  peaked  signal  response  curve  with  the  slight  dip  on  the 
leading  portion  is  "signature"  information  indicating  considerable  attitude 
change  during  the  six  second  passage  time  through  the  antenna  beam.  The 
peak  cross  section  for  this  pass  of  59  Kappa  was  calculated  to  be  226 
square  feet  from  this  record.  The  rather  detailed  treatment  of  this  one 
paBs  of  59  Kappa  has  been  given  to  illustrate  the  detailed  nature,  quantity, 
and  quality  of  the  data  that  are  provided  by  the  DOPLOC  satellite  tracking 
system  from  a  single  pass  recorded  by  a  single  receiving  station. 
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E.  Multiple  Antenna  Records 


The  previous  discussion  of  experimental  results  has  been  largely 
devoted  to  data  received  by  the  vertically  directed  center  antenna. 

Figure  63  shows  a  similar  Doppler  record  of  a  satellite  signal  received 
by  the  north  antenna  and  later  by  the  center  antenna.  The  Doppler 
frequency  has  a  low  value  and  is  nearly  constant  during  transit  through 
the  north  antenna  beam  which  is  directed  20  degrees  above  the  horizon. 
During  this  interval  the  Doppler  corresponds  to  the  flat  portion  of  the 
"s"  curve.  The  region  between  the  satellite  signal  in  the  north  and  the 
center  antenna  is  of  interest  in  this  record  since  it  represents  a  period 
of  unusually  high  spurious  signal  activity.  The  short,  steep  slope  lines 
are  typical  of  meteor  head  echoes, “and  are  easily  distinguished  from  the 
satellite  record  cither  by  their  steep  slope  or  their  very  short  duration 
AGO  record  (one  second  or  less).  Two  of  the  slopes  are  of  opposite  sign 
to  those  of  the  satellite  record  due  to  the  extremely  high  velocity  of 
the  meteor,  which  places  the  Doppler  frequency  on  the  opposite  side  of 
the  heterodyne  frequency. 

Optimum  performance  of  the  DOPLOC  system  is  shown  in  Figure  80, 
which  is  a  record  of  a  satellite  passing  through  the  three  antenna  beams 
successively.  This  record  depicts  the  step-scan  frequency  search,  the 
lock-on ,  and  the  continuous  track  sequence  as  the  satellite  passed  through 
the  north  antenna  beam,  the  center  beam  and  the  south  beam.  It  can  be 
seen  that  the  1+  kc/s  scan  range  is  switched  up  as  soon  as  the  satellite 
signal  has  ended  in  each  antenna.  This  operation  is  performed  manually 
by  the  operator  who  is  visually  monitoring  the  ALO  output.  This  record 
is  of  particular  interest  since  it  is  the  last  revolution  of  i960  Delta 
over  the  Northern  Hemisphere.  During  the  latter  part  of  this  revolution, 
this  satellite  re-entered  the  earth’ s  atmosphere  over  the  Southern 
Hemisphere . 

F.  Meteor*  s 

In  addition  to  the  satellite  Doppler  frequency  record  in  Figure  60, 
other  short  lines  of  about  one  second  duration  are  evident  in  the  upper 
portion  of  the  chart  •  These  are  spurious  responses  due  to  strong  noise 
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pulses  or  meteor  head  echoeu.  It  is  significant  to  note  that  a  spurious 
frequency  signal  occurred  Just  a  few  tenths  of  a  second  prior  to  the 
satellite  Doppler  signal  reception,  yet  the  ALO  was  able  to  respond  with 
full  sensitivity  to  the  desired  signal.  Spurious  signals  from  meteors  are 
identified  by  their  short  time  duration  and  steep  slopes.  Signal  reflec¬ 
tions  from  meteor  trails,  wliich  are  large  ionized  columns  moving  at  very 
low  velocities,  are  recorded  as  nearly  constant  frequency,  called  "flats", 
which  are  close  to  or  equal  to  the  bias  frequency. 

C.  Satellite  Trails 

There  is  some  indication  that  the  passage  of  a  satellite  through 
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the  ionsphere  produces  a  cloud  of  ionized  particles  in  its  wake,  *  *  ’ 
causing  a  constant  frequency  reflection  similar  to  the  "flat"  reflections 
produced  by  meteor  trails.  The  existence  of  such  an  ionized  cloud  is 
further  supported  by  data  as  shown  in  Figures  16  and  18,  where  a  "flat"  is 
seen  immediately  following  the  Doppler  reflection  from  58  Delta.  Other 
constant  frequency  reflections  appearing  after  a  satellite  pass  may  be  seen 
ill  Figures  2o,  27,  30,  66,  89>  92  and  100. 

Figure  15  shows  an  interesting  example  of  a  satellite  pass  occurring 
simultaneously  with  a  "flat".  Revolution  0306  of  58  Delta  was  detected  three 
seconds  after  the  constant  frequency  reflection  was  observed.  This  example 
demonstrates  the  ability  of  the  DOPLOC  system  to  detect  and  track  a 
satellite  in  the  presence  of  a  large,  interfering  signal. 

H.  Predictions 

Satellite  predictions  computed  and  distributed  by  Space  Track  Control 
Center  were  used  to  determine  base  line  crossing  times  for  known  satellites. 
Two  chart  speeds  were  used  for  the  analog  recordings;  2.5  mm/second  during 
specifically  selected  search  periods  when  a  satellite  was  predicted  to 
cross  the  DOPLOC  base  line  and  1  mm/second  at  all  other  times  during 
routine  surveillance. 

Not  every  satellite  known  to  have  passed  between  the  transmitter  and 
receiver  was  detected,  apparently  because  of  insufficient  reflected  signal 
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due  to  satellite  attitude  at  the  time  it  traversed  the  antenna  beam. 

For  the  same  reason,  many  passes  were  detected  by  one  or  two  antennas 
but  not  by  all  three  antennas.  These  one  or  two-antenna  reflections 
prove  extremely  useful,  however,  when  examined  in  conjunction  with  the 
three-antenna  data,  in  analysis  and  comparison  of  cross  sectional  areas, 
"signature",  sa:  Jite  attitude  changes  (spin  and  tumble)  and 
scintillation. 
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IV.  REFLECTION  CROSS  SECTIONS  AND  POWER  RATIOS 

As  previously  stated,  the  Doppler  frequency  vs  time  data  ore 
digitally  recorded  at  the  receiving  station  as  the  satellite  passes 
tlu-ough  the  antenna  beam.  Fran  these  data,  we  cay  calculate  the 
Doppler  slope  (rate  of  change  of  Doppler  frequency)  and,  subsequently, 
the  altitude  and  east-west  position  of  the  satellite  as  it  crossed  the 
base  line  Joining  the  transmitter  and  receiver.  Using  these  values 
and  the  method  described  in  Appendix  I,  we  calculate  the  power  ratio* 
(ratio  of  calculated  received  power  to  measured  received  power)  and  the 
apparent  cross  section  observed  for  each  satellite  pass  tlu-ough  each  ' 
antenna  beam.  Table  h  presents  these  values. 

Before  calculating  the  eross  section  and  power  ratio  for  a  specific 
satellite  it  is  necessary  to  estimate  the  dimensions  of  the  satellite  and 
calculate  the  power  that  would  be  radiuted  from  an  object  of  this  size, 
assuming  it  were  located  at  u  point  in  space  corresponding  to  the 
satellite  position  (altitude  and  east-west  location).  Subsequently, 
when  the  true  measured  power  is  determined  using  the  actual  received 
signal  amplitude  reflected  from  the  satellite,  the  ratio  of  calculated 
power  to  measured  power  gives  the  power  ratio.  Since  all  the  reflected 
power  readings  from  one  satellite  are  compared  to  the  calculated  value 
for  that  satellite  alone,  we  are  permitted  to  examine  the  individual  power 
ratios  as  a  composite  group,  regardless  of  the  satellite  from  which  they 
were  determined.  In  other  words,  a  power  ratio  of  1  indicates  that  the 
measured  power  equals  the  calculated  power,  regardless  of  the  physical 
size  of  the  satellite  involved.  Figures  115,  ll6,  and  117  present  the 
power  ratios  measured  in  the  eenter,  north  and  south  antennas,  respectively, 
and  Figure  ll8  shows  all  the  ratios,  regardless  of  antenna. 

*  A  PoWer  ratio  value  of  1  indicates  that  the  measured  power  equals  the 
calculated  power;  a  value  of  10  indicates  the  measured  power  equals  l/lO 
of  the  calculated  power . 


27 


TABLE  >i 

CtvOSS  SECTION  AND  POWER  RATIO  SUGARY 


CJ 

g 


e» 


5 


u  o 

O  •H 
*  P 
O  d 
(U  « 


H  O  (A  VO  VO 

I  I  IA  l  K\t*l  ,  _J  | 

Hi  H  r  t 


x: 

p 

3 

O 

in 


§p 

«  fl, 

M  P 
O  t«  • 
t<  i»  o*i 

o  in  tn 


•  i 


i  i 


0\ 

i  -ar 

CM 


H  C\J  O  VO 

•  •  •  . 

I  >M  4  I  CO  l 
CM  CVI  <j\ 


>A 

VO 


K\ 


-r  Ovco 
•  •  • 
C\J  CVJ  _7 


SJ 

d  «  n, 
u  f 


£  S 

U  l/s 


M  ll 


**■  CVl  H  VO 


l  LTV 

r~ 


t-r  cm  vo 

t^HVO 

Hi  r-i 


* 

t.  o 

O  -H 
>  P 

o  d 

A«  « 


C\_-r  -a 

•  •  ■ 
lAvO-C 


•  • 

O  K'v 


OOC>i^:HKAc\jtr\o<-tO\ 
^j|^CVr-VO  (M  H  A  H  KV 


c vj 

o 

CM 


CO  CVJ 

•  • 


U*._? 
CVJ  i-i 


t- 

— *T 


CO 
•  • 

H 


L. 

O 

P 

c  • 

c 

0  p 

0 

0  -H  Pu, 

0 

W  p 

O  O  • 

h  O  o' 

own 

I 

SCO  IAVO  CvHOJHtAOOJOHOOvO 

»iipS£»a:R 

■- 1  CVI  CVJ 


I  v0 


t~  Hi 


oj  r- 

ri 


si 


O  IA 


O  XT 

co  r- 


> 

CJ 

K 


OVCO  VO  I A  IA  C'._T 

-f  LA-' -  1 

O  IA 


®  S'7?;  ^  S' ^  ^8  ^  g  H  OJ  VO  OJ  VO  CVJ  w  co 

w  n  >  ia  vo  vJSnm^o  ri  rvi fu  'S  v  2  92  r1  oi  oj  ia.c-  4  o  oj  aj- 
CO  co  co  CO  co  C*Ov  Ov&^S  &&$&&&&<§>  gv  gv 


(At--  t—  fA 
O  CVJ  IA  J- 


Cl 

p 

•rl 

a; 

H 

HI 

<u 

d 

tn 

d 

p 

H 

OJ 

A 

CO 

IA 


28 


Ci  o 

tl  -«4 

i  j 
O  eJ 

a.  k 


x: 

+> 

3 

o 

U5 


c  ; 
O  4> 

n  -*  («. 

a  4J 

o  c»  •. 

Ci  y  o' 

o  w  w 


in 

1*11 

in 


i  i 


H 

l  *11111 

r- 


lf\ 

S 

0 

• 

1  1 

'  £ 

1  • 
l'- 

in 

0 

cc 

Cv 

i 


i 


a 


a 

t: 

a 

o 

44 

5 


Cl 

3 

o 

p 


o 

«4 

44 

« 

a 


x 

44 

l. 

o 


c 

o 

O  44 

m  44 

o  o 

Cl  o 

o  w 


44 

u. 

o' 

w 


m  cm  in  -s'  i«*\ 

•  •  •  i  •  • 

cm  o  r-  m  m 

-4  CM 


oca  -z 
•  •  • 
o  h  m 

-  in -• 


t-  o 


I 

5 


Cl  O 
a  i4 

'X  *4 

O  c5 
P  « 


C. 

o 

44 

C 

Cl 

CJ 


c 

• 

0 

44 

0 

•H 

P 

« 

|4 

O 

O 

• 

Ci 

O 

o4 

0 

w 

to 

VO 

I’ll 

o\ 

CM 


I  I  I  I  I  I  I 


I  I  I  I  I  I  I 


c\  o  mco 

&&  -  i 


vo  co  r-  cm  g 

*  •  i  *  *  p  i 

VO  CO  -4f  O  {4 

CM  H  Hh  (i 

K 


1  1  1  I  1  I  1  1 


1  1  1  1  1  1  1  1 


CM  f~VO  -3-  VO 

•  I  I  •  •  •  • 

in  H  m-sr 

WrlH 


c  m  CM  CM 

M  C —  Civ  r4  f-4 

a  cm  in  in  in 

K  H 


OvinH  H 

m  O  r 

H44CO  W 

4f  O  rIM)  inn  t- 

in  t—  Ov  O  Q  CM 

in  vo  c 

11  h  h  nn 

H  inj  in  in  S- co 

Ov  Ov  Ov  O  O  O 

r 

H  m  m 

H  cm  in  co  CO  co 

Ov  Ov  Ov  O  O  O 

H  H  H 

0 

44 

•H 

d 

<D 

d 

n 

O 

3 

CO 

£3 

aj 

H 

a) 


P 

co 


in 


c 

0 


tn 

P* 

W 

av 

in 


o 

t>3 

a\ 

in 


29 


59  Kappa  185  225*6  5*1 


TABLE  (Continued) 


ft  o 

IA 

y  vi 

• 

:«  .j 

i  1  1  O  i 

0  el 
ft.  fsl 

eg 

e  • 

S  *> 

vo 

u  ft. 

•  i  i  •  i 

w  P 

IA 

?.  S  e 
u  w  w 

»A 

rHvocoojt^ajoe- 

•••••••• 

1  1  1  1  1  *  KD  h*\H  Gv  OJ  VO  (\J 

H  rH  Hi 


I  I  I  I  I  I 


•A  0\  CVJ  O  lA  CVJ  VO  0O 
•  •••••## 
o  9  «-  S'  o  _?  cv 

CVJ  Cv  f~  .-i  OJ  eg  v£>  VO 
H  H  H 


i 


l.  c 

il  «H 

i*  •* 
b  a 


c  • 

O  •> 

"  „> 

O  U  • 

ti  ;<  sj* 

one) 


i  i  i  i  i 


i  i  j  •  i 


n 

*1 

o 


I  I  I  I  I  I 


I  I  I  I  I 


VO  HOdHCD 

••l  ••••• 

VO  H  n  H  H  CO 


!"  *a  iA  eg  {-  eg  eg 

•  •  •  •  »  •  i 

•  eg  H'O co  r- 

OJ  ©  Cv  Cj.fA 


w\- 


•  »a  cvj  c<j 


1.  O 

y  P 

:«  .j 

O  C3 

ft.  cs 


c  • 
o  ~> 
«  *H  ft. 
.j 

0  O  • 
ft  O  0*1 

o  w  w 


■  -?  o 


VO 


Cv. 

lA . 


eg  iaoo  «  -c  C\ 

»  •  .  C  .  i 

C<4  O  C\  2  CM 

o  vo  Ef-.s. 

^ V  ' — I  O 

a: 


*a  eg  o  _7  -i 
•A  iaco  eg  •’"v  o 


lAAgjOn  -c 

•  •  •  •  •  • 

-.*  co  t-  eg 

Cnvo  _T  r-j  C\  fA 


eg  t~~  o  t-  ‘A 

*11  •  •  •  i  • 

C\  eg  eg  eg  ia 

-i  ^va 


C\  r-1  CWO  Q 

*  •  •  •  •  • 

•a  I  I  (A  o  O  H  O 

*A  IAOJ 

eg 


o 

r> 


>  e 
o  3 
cs  s 


ocn  co 

“via  r- 


Cvi" 

<— i 


ia  irvvo 
-  CO  CO  H 
eg  mo  eg  ia 


co  ia  co  o  o  eg 

H  O  rl  MVO 

i*A^r  .c  CO  C\  O 


Onf-4 

'Ao  r-i  eg 

rH  rH 


O  O  IA  C\J 

_-r  iavo  f- 

r-\  r—\  t-i  t—\ 


0 

-p 


€ 


3 


Cv 

IA 


H 

eg 

d 

<3 

cl 

P 

H 

O 

O 

O 

O 

O 

o 

o 

MO 

MO 

MO 

30 


TA3LE  (Continued) 
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^Calculated  power  divided  by  measured  power.  ‘ 

"*Not  calculated  since  original  signal  not  acquired  by  ALO.  Pass  was  recovered  from  magnetic 
tape  playback  and  original  signal  strength  calibrations  are  not  valid. 


It  io  noted  that  of  the  ratios  in  Figure  118  occur  between  1  and  5, 
and  that  slightly  more  than  8f$  are  between  1  and  15 .  This  means  that 
almost  half  o!'  the  reflections  possess  a  power  value  which  is  1/5  of  the 
calculated  value  or  larger,  while  8  out  of  10  reflections  are  1/15  the 
calculated  value  or  larger. 


An  interesting  situation  exists  in  connection  with  the  cross  sections 
censured  for  (tO  Delta  (see  Table  h).  Of  the  eight  pusses  received,  six 
passes  were  thrce-anlenr.u  reflections,  offering  an  excellent  opportunity 
for  comparison  of  cross  sections  as  measured  by  the  different  antennas. 

It  is  aisso  noted  that,  of  the  six  three-ontennu  passes,  five  passes 
exhibited  the  largest  cross  section  in  the  north  antenna,  and  four  passes 
were  almost  equal  to  the  calculated  value,  as  indicated  by  the  power  ratio 
approaching  unity  (Revolutions  12k ,  iho,  15&,  and  1 65 ) .  No  clear  cut  ex¬ 
planation  con  be  presented  for  this  preponderance  of  large  cross  sections 
in  the  north  antenna.  All  the  untennus  were  identical  in* cut. figuration, 
dimensions  and  operating  specifications,  and  all  were  oriented  with  ref¬ 
erence  to  a  first-order  geodetic  survey .  Subsequent  to  installation,  a 
signal  generator  was  r.ountec  in  or.  airplane  and  a  series  of  flights  were 
made  over  the  antenna  field  at  each  station.  In  this  manner,  the  radiution 
patterns  and  antenna  alignments  were  measured  and  determined  to  be  optimum. 
Thus,  it  would  appear  that  euch  of  the  antennas  should  "sec"  a  satellite 
in  the  same  way,  and  any  variance  in  apparent  size  from  one  antenna  to 
another  would  be  purely  random,  dependent  solely  on  such  variables  as 
satellite  altitude,  east-vest  locution,  and  attitude.  The  observed  cross 
sections  for  60  Delta  do  not  appear  random,  however. 


Further  examination  of  the  data,  specifically  Table  5  which  presents 
average  values  for  all  cross  sections  and  power  ratios,  indicates  that  in 
three  of  the  four  instances  where  a  comparison  can  be  made  between  the 
three  antennas  for  one  satellite  (58  Delta,  60  Delta,  60  Epsilon  1  and 
60  Epsilon  2),  the  largest  average  cross  section  is  that  measured  by  the 
north  antenna.  Since  ft;  appears  that  the  north  antennas  consistently 
produced  larger  power  and  cross  section  values,  we  might  conclude  that 
the  north  antennas  were  perfectly  aligned,  or  possessed  greater  gain  than 
either  the  center  or  south  antennas. 
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A.  *—e  till**  t v**  iiOVcwi'i  we?  m't 

fnced  with  contradictory  data  a;;  observed  for  60  Kps 11 on  I.  Table  5 

“hx  parses  os  this  sutoiliie,  three  seauurcti  by  the  center  antenna, 
two  by  the  soutn  tun!  one  by  the  north.  Ksciuding  the  north  antenna  pans 
.3!  the  tottT.i f  “he  t  i ve  rersiining  j.!is«cu  £vc!iltKij  have  on  average  cross 
Sect  ion  of  .?  *o .  6  square  fee’  and  iy.  average  power  ratio  of  l  .6.  These 
values  represent  tne  largest  average  croon  section  :u.d  bent  average  power 
ratiu  of  any  satellite  observed,  yet  the  one  pass  of  this  satellite  received 
by  the  sort::  antenna  has  a  cross  section  that  is  s&ailor  than  this  average 
by  a  : actor  o:  1 u .  Tne  fact  tout  vt-  observed  this  one  scuiil  cross  section 
in  the  nortn  antenna  is  not  sign! flcsoit,  since  u  single  observation  cannot 
be  considered  statlsticu.  -y  .v.'ie.  UigfuA .  {joveVer,  it  is  significant  that  the 
average  cross  sections  for  tne  five  pusses  received  by  the  center  and  south 
antennas  are  large,  nearly  -qua.  i  t.v-  calculated  value.  Why  those  two 
antennas  operated  so  cxcviier.tly  tr.ir.  y  •  satellite  is  a  cutter  of  con¬ 
jecture. 

do:  erring  again  to  iun.v  t  •  s.  trot  the  rvuth  .antenna  produced 


average  cross  sections  taut 


in  f,  -ut  of  "  instances  than  those 


observed  by  tne  center  ar.tvi.nu  tor  tne*  sa.v.o  satellite.  Here  again,  it 
nust  be  pointed  out  tnut  )f  tne  >  are  base  :  c».  .n.y  one  pass  each  (59 
npsi^cn  and  >  *  detu),  and  r.o  valid  c-nciu:; i  us  can  be  drawn  ;'ro:r.  suen  a 
scull  amount  of  data. 
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V.  CROSS  SECTION  ''SIGNATURE"  OBSERVATIONS 

When  the  signal  strength  reflected  from  a  number  of  paaues  of  one 
satellite  ic  recorded  in  analog  fern,  the  shape  of  the  observed  crocs 
section  envelopes  nay  appear  very  much  alike,  provided  that  the  satellite 
attitude  regains  reasonably  constant  from  pass  to  pass  and  that  propagation 
conditions  are  olnilar.  Under  ideal  conditions,  a  particular  satellite 
nay  consistently  produce  u  unique  "signature",  thus  permitting  identifi¬ 
cation  on  this  basic  alone.  Others  nay  produce  a  wide  variety  of  chapes, 
wnich  appear  to  possess  nothing  in  common.  A  satellite  with  dimensions 
snail  compared  with  the  wuvelength  will  generate  on  approximately  semi¬ 
circular  or  seml-ellipticul  signal  strength  pattern  that  ic  independent  of 
physical  configuration.  Signal  strength  changes  due- to  scintillation  and 
uttltude  change  (spin  and  tumble)  are  usually  present  with  large  satellites 
which  produce  a  very  complex  received  signal  envelope  configuration  and 
sake  "signature"  identification  difficult. 

In  general,  the  DOPLOC  records  obtained  by  the  center  antenna  are 
characterized  by  a  short  durution,  symmetrical  envelope  that  rises  and 
decays  smoothly  and  possesses  a  rounded  peak,  with  little  or  no  oscillation 
visible  at  any  time.  The  average  duration  and  signal  strength  of  the  67 
center  antenna  measurements  ore  7.5  seconds  and  -I69.4  dbw.  The  north 
and  south  antennas  produced  two  general  shapes;  either  a  semi-circular 
configuration  with  a  smoothly  changing  signal  level  or  a  semi -rectangular 
envelope  with  an  abrupt  rise  and  decay  and  a  reasonably  constant  signal 
level.  Considerable  variations,  some  quite  large  in  amplitude,  are 
usually  visible  in  both  types.  Signals  from  the  north  and  south  antennas 
were  longer  than  those  from  the  center  antenna,  since  the  beams  were 
directed  20  degrees  above  the  horizon  as  opposed  to  the  vertical  center 
beam.  For  the  22  observations  in  the  north  antenna  the  averages  are 
24.8  seconds  and  -170.4  dbw,  while  in  the  south  antenna  the  averages 
are  15*7  seconds  and  -175-6  dbw.  The  overall  averages  for  the  44 
reflections  are  20.5  seconds  and  -172.0  dbw.  A  discussion  of  several 
specific  "signatures"  follows. 


55 


56  Delta  -  An  outstanding  example  or  "eignature"  is  evident  in 
Figure:'.  37  and  liG,  whore  a  sharp  null  is  prominent  on  each  record 
approximately  10  seconds  after  the  appearance  of  the  Doppler  oignal. 
In  both  cases  the  reflection  la  in  the  north  antenna  and  the  length 
of  record  permits  easy  observation  of  this  characteristic  null.  A 


severe  signal  dropout  is  evident  in  Figure  25  and,  to  a  lesser  extent, 
in  Figure  22.  This  cay  be  an  indication  of  "signature".  Similarly,  a 
seall  dip  Is  seen  in  each  of  the  south  antenna  portions  of  Figures  31, 
35>  3o  and  >5,  approximately  3  seconds  prior  to  slgnol  loss. 

39  Kps i Ion  -  There  is  no  clear  li.uication  of  "signature",  despite 
the  prevaier.ee  of  periodic  change  in  signal  level,  especially  in  Figures 
•’:8,  50  ur.d  52.  This  change  in  signal  amplitude  is  probably  caused  by 
satellite  attitude  change  rather  than  by  satellite  configuration. 


59  Zuta  -  A  sharp  spike  is  easily  visible  on  the  leading  edge  of 
c-uch  of  the  envelopes  in  Figures  53,  55,  >6  ur.d  59.  The  latter  two 
records  show  a  periodic  change  in  signal  strength,  whereas  none  of  the 
other  59  ^.etu  records  possessed  this  characteristic.  The  variations  in 
Figures  >8  and  59  are  due  to  attitude  change,  which  apparently  commenced 
(or  at  least  increased  in  frequency)  lute  in  the  orbital  lifetime  of  59 
Zeta.  Sven  as  late  as  Revolution  855  (Figure  57),  there  is  no  indication 
0l  l'his  Peri°dic  modulation.  It  is  very  evident,  however,  ir.  Revolutions 
87^  and  87 7 ,  the  last  two  D0PL0C  observations  of  this  satellite  before  its 
re-entry  ir.to  the  earth's  atmosphere  (estimated  by  Space  Track  Control 
Center  to  have  occurred  between  Revolutions  96k  and  966). 

59  Kappa  -  Only  one  pass  was  received  for  this  satellite  and  it 
shows  no  significant  features. 


59  Lam oda  -  The  very  abrupt  signal  loss  in  the  middle  of  Revolution  96 
of  59  Lambda  (Figure  6l)  may  be  "signature"  information,  though  two  factors 
are  present  which  make  this  assumption  appear  somewhat  doubtful.  First, 
there  is  no  evidence  of  this  unique  oignal  dropout  on  any  of  the  other 
records  of  59  Lambda.  Secondly,  and  of  greater  importance,  is  the  extremely 
rapid  signal  decay.  It  is  unlikely  that  any  motion  or  physical  configuration 
of  the  satellite  could  produce  such  a  steep  decay  curve.  The  almost  instan¬ 
taneous  decay  strongly  suggests  that  equipment  failure  or  propagation  phenom¬ 
ena,  rather  than  satellite  movement  or  shape,  caused  this  sudden  loss  of  signal. 


60  Gacm  1  -  Another  excellent  example  of  "signature"  in  found 
in  Figures  69,  70,  and  71,  vhere  the  V-cliapcd  peak  is  easily  seen. 

Figure  67  also  chows  traces  of  this  shape,  but  the  high  altitude  of 
this  pass  (W«0  miles)  severely  attenuated  the  received  signal  and 
prevented  this  characteristic  from  being  core  prominent.  This  pass 
was  the  highest  pass  recorded  by  the  DOPWC  cystea  during  its  operation. 

A  further  identifying  feature  in  these  data  for  60  Goaca  1  appears  to  be 
the  signal  loscec  shown  in  Figures  68,  69,  and  70  which  occurred  in  the 
niddle  of  the  passes  where  the  signal  is  norcally  at  a  maximum.  On  two 
of  these  passes,  the  tracking  filter  loot  lock  coapletely,  but  the  ALO  was 
able  to  lock-on  again  when  the  signal  level  increased. 

60  Gamma  2  -  Only  one  poos  was  recorded  for  this  satellite  and  it 
displays  no  significant  envelope  shape. 

60  Delta  -  Here  ve  see  a  severe  cull  in  both  Figure  78  (center)  and 
Figure  79  (north).  Once  again,  the  tracking  filter  loot  lock  during  the 
forcer  pass  but  the  ALO  regained  the  signal  autasatlcolly  when  it  bccane 
stronger.  A  hint  of  a  similar  null  cay  be  visible  in  both  Figure  73  (south) 
and  Fi  ■’ire  78  (south).  It  is  worthwhile  to  point  out  that  Revolution  6l 
(Figure  74)  was  received  by  the  north  and  south  antennas  but  not  by  the 
center  antenna.  Perhaps  the  satellite  was  oriented  in  its  maxinun  null- 
producing  attitude  during  the  middle  portion  of  this  pass  and,  consequently, 
this  orientation  reduced  the  reflected  signal  to  a  level  lover  than  the 
AI/D  threshold  level  and  no  lock  was  obtained.  Repeated  rerunning  of  the 
magnetic  tape  of  this  pass  In  an  attempt  to  lock  the  ALO  on  the  Doppler 
signal  va3  without  success.  It  appears  that  the  center  antenna  portion  of 
Revolution  156  (Figure  78)  may  have  been  approaching  this  complete  signal 
fadeout  condition  also. 

60  Epsilon  1  -  There  does  not  appear  to  be  any  clear  indication  of 
"signature"  in  these  data.  The  record  of  revolution  150  (Figure  83) 
exhibits  a  nine  second  signal  loss  in  the  middle  of  the  pass.  The  absence 
of  signal  dropout  in  the  other  records  of  60  Epsilon  1  makes  it  difficult 
to  correlate  these  data  with  "signature"  information.  It  may  be  noted 
that  data  shown  in  Figure  84  was  recorded  at  1  mm/second  which  served  to 
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condense  the  envelope.  The  2.5  as/second  chart  speed  would  have 
enlarged  the  envelope  and  produced  a  trnee  similar  to  Figure  86. 

0  Kps  Hon  2  -  The  distinguishing  i'eulure  here  seecs  to  be  the 
oscillations  observed  in  the  center  antenna  portions  of  Figures  GB,  9? 

95  and  95.  He fleet  ions  froa  the  majority  of  other  satellites  observed 
in  the  center  antenna  are  scoot h.  Again  it  la  noted  that  the  chart 
speed  in  Figures  92  and  95  is  1  ea/seeond,  while  In  Figures  88,  89  and 
95  It  is  2.5  ca/second.  Had  the  forcer  passes  been  recorded  ut  2.5  ca/second, 
the  resulting  envelope  would  be  very  sinilar  to  Figure  95- 

0  spa  lion  5.  h.  5  (und  <j  -  It  is  not  possible  to  evaluate 
individually  these  data  in  teras  of  "signature",  since  only  one  or  two 
passes  of  each  satellite  are  available  and  none  soeas  to  possess  any 
distinguishing  features.  Zntercocpnrison  is  not  valid  either,  even 
though  they  are  ail  fragments  froa  sO  Fpslion  1  (Sputnik  IV),  because 
the  physical  configuration  of  the  fragments  is  probably  not  the  same 
und,  therefore,  any  uicilurity  in  envelope  shape  would  be  purely  ranrfnn. 
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VI.  CROSS  SECTION  MODULATION  DUE  TO  ATTITUDE  CHANGE 


Evidence  of  periodic  signal  modulation ,  such  an  might  be  caused  by 
spin  or  tumble,  Is  visible  In  the  majority  of  signal  strength  records. 

This  cross  section  modulation  Is  visible  both  In  the  records  of  ground- 
originated  reflected  signals  and  in  the  records  of  signals  which  originate 
from  a  satelllte-bornc  transmitter.  For  this  discussion,  we  shall  tern 
the  former  method  of  satellite  detection  and  observation  "passive"  track¬ 
ing,  and  the  latter  method  "active"  tracking.  Measurement  and  onalysis 
of  signal  strength  modulation  observed  with  the  two  methods  of  tracking 
arc  difficult  for  several  reasons,  propagation  variances  alone  may  In¬ 
troduce  periodic  changes  in  observed  signal  strength  which  can  be  mistaken 
for  modulation  caused  by  satellite  attitude  change.  The  relatively  short 
duration  of  the  passive  records  recorded  by  the  center  antennu  make  It 
Impossible  to  determine  a  modulation  periodicity  in  this  antenna  of  more 
than  u  second  or  two.  The  passive  records  recorded  by  the  north  and 
south  antennas,  though  fever  in  number,  are  of  greater  value  in  modulation 
analysis  since  they  are  considerably  longer  in  duration  and  permit  measure¬ 
ment  of  several  cycles  of  a  modulation  possessing  a  period  in  the  order  of 
1  cycle  per  5  seconds  or  longer.  Also,  when  active  tracking  records  are 
examined,  especially  those  taken  on  Sputnik  III  und  IV  which  transmitted  on 
a  nominal  frequency  of  20  Mc/s,  the  Faraday  effect  must  be  considered. 

This  effect  varies  inversely  with  the  reciprocal  of  the  frequency  squared. 
Thus,  it  is  definitely  a  prime  factor  in  producing  periodic  signal  modula¬ 
tion  at  20  Mc/s,  considerably  less  a  factor  at  108  Mc/s  (the  DOPLOC  reflec¬ 
tion  frequency),  and  virtually  non-existent  at  still  higher  frequencies 
such  as  the  transmitting  beacons  in  the  Discoverer  satellites.  Fluctua¬ 
tions  in  received  signal,  while  not  necessarily  periodic,  may  also  be  caused 
by  changes  in  the  amplitude  of  the  transmitted  signal  or  the  gain  of  the 
receiver.  Within  these  limitations,  an  attempt  has  been  made  to  analyze  the 
DOPLOC  records  for  evidences  of  cross  section  modulation  caused  by  satellite 
attitude  change . 


Examination  of  passive  and  active  records  for  58  Delta  (Sputnik  III) 
and  60  Epsilon  1  (Sputnik  IV)  show  signal  strength  nulls  occurring  in  a 
2;1  ratio,  i„e.,  two  nulls  are  observed  on  the  passive  records  for  every 
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"uli  Q!i  »»«<•*«•  "‘-•corJa .  Figures  2)  (north),  53  (uouth)  and  39 
(north)  nr-*  record n  of  passive  reflection:!  frees  56  D^ltu  and  show  an 
avern^u  of  I  null  jwr  5  -cconda,  while  Figure  119,  an  active  record 
for  ;$  Peitn,  di  .plays!  1  null  per  6  seconds.  Similarly,  Figures 
(r*urth) ,  83  (south),  and  85,  passive  observations  of  oO  Epsilon  1, 
shov  nr.  average  of  1  null  per  1.5  seconds,  and  <u>  active  record  of  the 
sa^v  satellite  (Figure  120)  shows  1  null  per  3  seconds.  It  is  evident 
:  :’c”  l*,es5C  ^h*r‘  li;at  the  physical  configuration  of  the  satellite 
produces  a  four- lot vd  pattern  when  reflecting  the  ground-originated 
D0PL0C  sign!-.. ,  w.uvreas  the  transmitting  antennas  on  the  satellite 
radiate  a  tuo-lobed  pattern  for  active  tracking.  As  the  satellite 
tumbles  and  spins,  these  radiation  patterns  produce  the  2:1  ratio  seen 
.n  the  signal  strength  null  frequency. 

Kvlder.ee  of  stellar  periodic  nulls  is  seer,  in  the  records  of  59 
npslian  (Discoverer  V).  Here,  however,  the  passive  to  active  ratio  is 
l,S  (south),  pO  and  p2  (south)  are  passive  reflection 
records  of  59  Epsilon  and  display  or.  average  of  1  null  per  5  seconds. 
Each  of  two  active  records  for  >9  Epsilon,  one  of  which  is  shown  in 
rigure  121,  snow  _  null  per  2»  seconds.  Apparently,  the  cylindrical 
shupe  of  the  Discoverer  satellite  creates  a  multi-lobed  reflection 
~atwC.n,  »"»le  ^:.e  transmitting  antenna  radiutes  the  two-lobed  pattern. 
The  validity  of  this  assumption  regarding  the  reflection  pattern  is 
en. nances  oy  the  fact  that  the  length  of  the  cylinder  (19.2  feet)  is 
approximately  twice  the  wavelength  of  the  D0PL0C  frequency  (9.1  feet). 
Wr.ere  the  length  of  the  reflecting  object  is  large  compared  to  the 

wavelength,  as  in  this  case,  the  resuit  is  a  multi -lobod  radiation 
cattern . 


It  is  worthwhile  to  note  that  a  total  of  nine  active  records 
tar.en  on  59  Zeta  and  oO  Delta  (Discoverer  VI  and  XI)  show  an  average 
of  1  null  per  2k  seconds,  with  individual  values  ranging  from  11  to 

kO  seconds.  The  agreement  with  the  null  rate  observed  for  59  Epsilon 
is  striking. 

Table  6  summarizes  the  data  discussed  above  and  lists  null  rates 
for  several  other  satellites  as  well. 
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VII.  SC  Off  ILLATION 


A  number  of  the  DOPLOC  records  of  reflected  signal  strength  chow 
traces  oi  ec  Inti  nation  and  Table  7  presents  a  sumary  of  the  cost 
prominent  examples,  grouped  according  to  pass  time.  The  estimated 
peak-to-peak  scintillation  in  db  is  given  for  each  pass,  as  well  as 
the  antenna  In  which  the  reflection  wan  received.  A  notation  is  also 
cade  concerning  the  season  of  the  year  in  which  the  pass  was  recorded. 
Certain  qualitative  features  in  the  data  are  rather  pronounced  and 
deserve  additional  comment. 

The  existence  of  a  diurnal  cycle  is  apparent,  with  the  scintillation 
asplitude  being  greater  at  night  than  during  the  day.  The  average  peak- 
to-peak  signal  fade  for  9  observations  made  at  night  is  2.4  db,  while 
lor  2v  daytime  observations  the  average  value  is  only  1.4  db.  Also, 
the  diurnal  effect  is  much  core  pronounced  In  summer  than  in  winter, 
e/idenced  by  the  fact  that  8  of  the  9  night  passes  occurred  in  the 
contho  between  March  and  October,  a  series  of  one-way  radar  tronsalsslon 
tests  conducted  by  the  Bell  Telephone  Laboratories,  at  wavelengths  rang¬ 
ing  froa  JO^cn  to  17  c,  rcveulcd  corresponding  diurnal  and  seasonal 
variations.  Slallarly,  tests  carried  out  by  Ross  A.  Hull,  with  the  aid 
of  other  radio  amateurs,  the  U.  S.  Weather  Bureau  and  Harvard  University 
in  the  5  to  8  n  wavelength  region,  yielded  comparable  results.  5'  6 

The  data  in  Table  7  show  that  scintillation  occurs  more  frequently 
in  the  north  and  south  antenna  reflections  than  in  the  center  antenna. 
Considering  the  total  nuaber  of  reflections  received  by  each  antenna, 
we  find  scintillation  appearing  in  kfy  of  the  north  antenna  passes  (10  of 
22),  UVf,  of  the  south  antenna  passes  (9  of  22)  and  only  1 %  of  the  center 
antenna  passes  (10  of  67).  The  indication  here  is  that  the  reflecting 
and  diffracting  properties  of  the  terrain  and  the  irregularities  of  the 
atmosphere  near  the  earth's  surface  combine  to  produce  interference 
waves  which,  in  turn,  cause  variation  in  signal  strength.  These 
phenomena  would  heavily  influence  reflections  in  the  north  and  south 
antennas,  since  they  are  beamed  only  20  degrees  above  the  horizon.  The 
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fashes - 1  I _ jctsut  passes. 


greater  length  of  the  observations  by  the  north  and  south  antennas 

ftiS0  co”tribute  Lo  thc  aoi*e  frequent  observations  of  signal  fade 
in  these  antennas. 

'  0,1  examination  of  a  number  of  active  tracking  records  made 
at  Aberdeen  Proving  Crowd,  Maryland,  there  appears  to  be  core 
scintiilati  >n  present  in  these  active  records  than  in  the  passive 
reflect!  n  records.  Figure  122  shows  a  Doppler  record  of  58  Delta 
obtained  at  Aberdeen  by  trucking  the  20  Me/s  satellite-borne  transmitter, 
peak- to-ponk  signal  variations  for  this  record  are  approximately  6  db, 
roughly  twice  as  large  as  any  variation*  noted  in  the  passive  records. 

7,1  lc  MV'  lilt0  vas  PJ‘°bably  experiencing  severe  buffeting  when  this 
recording  was  made,  since  re-entry  occurred  only  Jo  revolutions  later. 
Tncsc  drastic  oscillations  may  have  increased  the  scintillation  amplitude 
to  some  extent,  since  records  taken  earlier  in  the  lifetime  of  58  Delta 
show  signal  fade  in  the  order  of  3-1.  db.  Then  too,  the  very  slight 
Dopp-e:  1  > equency  shift  dui*lng  this  pass  indicates  that  the  satellite 
was  at  a  great  distance  from  the  station  and  that  the  inclination  of 
tne  line  of  sight  to  the  horizontal  was  small.  Thus,  es  mentioned 
previously  with  respect  to  scintillation  in  the  north  and  south  antennas, 
interference  waves  may  have  contributed  to  the  increased  amplitude  of 
the  signal  variations. 
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Arrati>i>;  i 


cAucuurm:;  ok  jw-ii  ratio  axd  ckoss  sniOK 


Altitude  And  Ground 

Center  Ar.tcr.nu  -  As  pre-vi  usly  stated,  the  Doppler  frequency  vs 
llsc  data  are  digitally  rfCiri^  at.  th<-  r*,c'-ivin,f;  station  us  the 
satellite  passes  through  <-soh  of  the  three  natensa  beasts.  Proa  the 
digital  Doppler  data  •»••.-  calculate  the  Dap;  !•-•:•  slope  (rate  of  cixinge 
of  Doppler  frequency) .  K:.  the  !)oppl«r  frequency  uad  slope  and 
ns.sumir.g  circular  not!  it  is  possible  t  obtain  th.e  altitude  and 
cast -vest  location  of  tnv  s:it*’llli<  as  It  ern:;s«e:  the  base  line  Join¬ 
ing  the  transmitter  art:  reu*.  iwr,  with  the  aid  of  n  chart  of  the  type 
presented  in  Figure  1":>.  wns.tur.t  contour  lines  have  been  computed 
!«:d  drawn  for  the  Doppi'  V  .,cy  and  the  time  derivative  of  the 

frequency  (th.e  slope)  *r.  the  v  si  leal  tonne  containing  both  the 
transmitter  nr.l  receiver.  Ts  c  •.'  a;r:>  vary  with  satellite  or- 
bital  lr.cllr.ati  ,  that  r.vl  chart,  as  required  for  orbits  cf 


various  ir.ciir.ui  lor. 


court  is 


a  i  :  ,  however,  only  for  data 


received  in  the  center  bear;.  Gives,  a  D pier  frequency  of  *00  cp:>  and 

V 

a  slope  of  ot  cps  at  th<  !  :.  -S:.t  of  the  rcc,rd,  we  locate  the  curves 
representing  these  value..  m.  the  chart  m.d,  at  their  intersection , 
read  an  altitude  lj 7  miles  ar.l  a  sub-satellite  point  on  the  base 

line  located  if/j  miles  east  of  Fort  .  ill.  Marine  deterainod  these 
distances1 ,  a  sketch  simile..-  to  pi  ure  ih—  is  prepared  to  assist  in 
completing  tiie  power  and  cross  ction  calculations . 

ilorth  and  South  Aatensa  -  Inc  go -.sie-try  and  calculations  necessary 
to  locate  the  point  of  is.t  •  oli  ■:.  of  u  satellite  in  the  north  or  south 
antenna,  and  its  correspond:..;  gr  uad  ran  je  fro:::  Fort  Sill,  vary  some¬ 
what  from  the  method  described  for  the  center  antenna.  In  these  antennas, 
the  intersection  point  and  its  corresponding  distance  east  or  west  of 
Fort  Sill  are  functions  of  satellite  altitude,  and  the  inclination  of 
the  orbital  plane  and  base  line  with  respect  to  the  equator.  For  purposes 


or  ’.Mr  .UmumIm,  w  steU  confine  ouMcltw;  to  the  ::outh  natcnnn. 
i!ltleui  i*  U»  north  a.-; teuK  are  aUllnr.  Ptcure  IS;  .-.lees  o 

p  losi  oj*  i!iv  jjectiutry  Involved* 

Thc  ***«*  W!,tea!»!i  -  clevut.^l  20  degre.,:  above  the  horizon  and 
oriented  in  azimuth  as  aiuAtr.  in  Figure  ii.  Thv  altitude  of  tine*  satellite 
intersect!  point  in  the  cvr.ivr  susteana  in  when  as:  the  height  of  the 
.  .......  .» . . ..  .  in  tr.e  sou  bn  nntvr.nu  pattern.  Tin.-  curvature  o:‘  the 

cart::  in  ignored  ‘.ere  tir.ee  it  in  negligible  over  the  relatively  short 
uintw.ee  involved.  KerVrr in*;  to  Figure  125,  wo  calculate  a,  the  perpen¬ 
dicular  distance  Cvoa  t::«  base  line  to  the  point  of  intersection  os'  the 
satellite  in  the  south  antenna,  using  th.e  trigonometric  function 


sin  20 


Subsequently,  the  perpendicular  distance  '{,  from  the  20  degree 

?InnC  o:‘  ,ki!U  aoi:“h  !l”lon”!s  -0  -he  9o  degree  plane  os'  the  center  antenna 
is  determined  by 

v 


tan  20' 


step  i-  to  calcidjity  ,  the  upf-le  at  vhlch  the  satellite 
croeses  the  base  tlr.c.  If  w  let  j  hum  the  orbital  l-.cUr.at.Joh  at 
tnc  equator  and  i‘  the  orbital  inclination  at  any  North  Latitude  0,  then 


cos  i'=  2°"  1 


con  ,‘j 

Solving  for  i  given  the  angle  at  which  the  satellite  crosses  the 
particular  Worth  latitude  0.  The  Forrest  City  -  Fort  Sill  base  line  is 
a  segment  of  a  great  circle  which  is  not  parallel  to  the  equator;  hence 
us  shown  in  Figure  126,  the  satellite  crosses  the  base  line  at  an  angle 
different  from  il ,  the  difference  being  equal  to  the  inclination  of  the 
base  line  to  the  equator.  The  base  line  is  inclined  3  degrees  to  the 
equator  so,  for  a  north-couth  pass  3  degrees  must  be  added  to  i! ,  while 
for  a  south-north  pass  3  degrees  is  subtracted  from  i'  to  obtain  Q. . 
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Finally,  knowing  ^  and  Y,  the  distort ''e  d  Eoved  along  the  base 
line  in  Figure  125  can  be  determined  by  the  trigonometric  relation 

tan  Q.  *  ^ 
l  J 

This  value  d  Bust  be  added  to  or  sub true ted  free  r  (the  ground 
range  from  Fort  Sill  a;,  determined  Tor  satellite  intersection  in  the 
center  antenna),  depending  on  the  puss  direction  and  the  antenna  in¬ 
volved.  As  shown  in  Figure  127,  Tor  a  north-south  pass,  ground  range 
in  the  north  anteium  is  equal  to  r  -  d,  while  for  the  name  pass  in  the 
south  antenna  the  ground  range  is  r  +  d. 

Having  thus  determined  the  distance  from  the  base  line  to  the 
satellite  intersection  point  in  the  20  degree  plane  and  the  corresponding 
ground  range  from  Fort  Sill,  a  sketch  Is  prepared  as  shown  in  Figure  128 
to  aid  in  completing  the  calculations. 

Power  and  Cross  Section  Calculations 

Having  detemlned  satellite  altitude  (or  the  perpendicular  distance 
from  the  base  line  to  the  point  of  intersection  in  the  20  degree  plane), 
as  well  as  the  ground  range  east  or  west  of  Fort  Sill,  and  knowing  that 
the  distance  between  the  transmitter  and  receiver  is  455  miles,  the  distances 
R^  and  R£  and  the  ungles  a  end  j3  can  be  computed  using  standard  trigonometric 
functions  (refer  to  Figures  124  and  120).  The  azimuth  angles  of  the  trans¬ 
mitting  ana  receiving  antennas  are  known  (see  Figure  11 );  hence  the  angles  7 
and  5  con  be  determined  and,  from  the  curve  presented  in  Figure  129,  the 
factors  Ft  and  F  ,  which  are  decimal  representations  for  the  angles  7  and  6, 
are  obtained.  It  is  now  possible  to  proceed  with  the  computation  of  the  cal¬ 
culated  power  PB,  the  measured  power  received  P,  ,  the  power  ratio  PD/Pw, 
and  the  apparent  cross  section  of  the  reflecting  object  5~~*  . 

The  calculated  power  in  watt3  that  would  be  radiated  from  an  object 
of  known  dimensions  at  a  given  distance  from  the  transmitter  and  receiver 
is  determined  first.  For  example,  a  length  of  20  feet  and  a  radius  of 
2.5  feet  is  assumed  for  the  Discoverer  satellite.  The  maximum  reflection 
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cross  section  that  tin  object  having  these  dimensions  would  present  ia 
calculated  by  using  the  formula  ^ 


where  >.  at  1C*3  Me/ si  la  9.1  feet.  Solving  for  fT,  n  value  of  690  square 
feet  is  obtained  for  the  Discoverer  satellite.  Admittedly,  this  process 
Is  on  npjiroxlmjitlon,  since  accurote  deteralnatlon  of£^i«  dependent  upon 
r  and  l  being  large  compared  to  A.  Similar  estimates  of  physical  dimensions 


were  made  for  Sputnik  III  and  TV  and  for  Transit  I,  and  the  resulting  values 
of  22 were  used  in  the  calculations  pertaining  to  those  satellites. 

Using  the  basic  radar  equation, 

P  r.  r.  1*’  w  r  V 

(0 


:> 

•H 


"T  S  °R  X  FT  FR  ^ 


r t 


0U~  (i\:Y 

the  t'aluv  o:  JQand  the  following  DQI’LOC  system  constants  are  inserted: 


I^j,  c  ! wwer  transmitted  =  1*0  kw 
* 

CR  5  =  antenna  gain  in  power  =  -’*0 


>.  ■  9.1  feet 


Thus,  equation  (1)  become 3 


„8 


PR  = 


1.86  x  10  Ft  Fr 

OOl>  (R / 


where  R-^  and  R^  are  expressed  in  feet  or 


-6 


pr  =  ;-lllx:l0  ft  Fn 
(B  !>2 


where  R^  and  R^  are  expressed  in  miles. 


(2) 


(3) 


Next,  equation  (5)  is  solved  for  to  determine  the  power  in  watts 
that  would  be  radiated  from  an  object  of  this  size  if  it  were  located  at 
the  point  in  space  occupied  by  the  satellite. 

To  determine  the  measured  received  power  in  watts,  the  peak  of  the 
received  signal  recorded  in  db  below  unity  s/N  at  receiver  output  is  con¬ 
verted  to  a  voltage  ratio  X. 


^Ridenour,  L.,  "Radar  System  Engineering" , 
Series  No,  1,  p.  66.  (19h-T) • 


MIT  Radiation  Laboratory 
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X 


(tcox  db) 


If  Ea  la  the  received  signal  for  a  1:1  S/ll  ratio  at  the  receiver  out¬ 
put  (which  for  the  DOPLOC  system  la  0.07  microvolts)  and  Eg  is  the  measured 
received  signal  voltage,  the  measured  power  In  watts  is 


where  R,  the  antenna  resistance,  Is  equal  to  50  ohms.  The  power  ratio, 
Pr/P„  expresses  the  relation  between  calculated  and  measured  power. 


To  calculate  the  cross  section  corresponding  to  the  peak  signal 
received,  equation  (l)  Is  used  to  solve  for  jT. 

/titer  substituting  P;j  for  P^,  equation  (i)  may  be  rearranged  to  give 

£■  pn  <V2  ("/ 

Wi9’!l0'S  Ft.pr 

Solving  for  £  gives  the  apparent  crocs  section  of  the  reflecting  object 
In  square  feet. 
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TIME 

BASIC  INTERIM  DOPLOC  SYSTEM 

Fig.  1 


Fig.  2  BLOCK  OIAGRAM  OF  R.F.  SECTION  IN  DOPLOC  STATION 

PASSIVE  TRACKING  AT  IOB  MC 
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Fig.  -  BLOCK  DIAORAIi  OF  DOPPLER  DATA  RECORDINO  SYSTEM  FOR  A  EINSLE  CHARWEL 
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TYPICAL  OOPLOC  DATA  OUTPUT 
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TYPICAL  OOPLOC  DATA  OUTPUT 
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CENTER  ANTENNAS  (SIDE  VIEW) 


(EDGE  VIEW) 


FIG.  10  -  INITIAL  ANTENNA  ORIENTATION 


Lilij 


/ 


NORTH  AND  SOUTH  ANTENNAS  (lOP  VIE*)  (EDGE  VIEW) 


FIG.  II  -  ANTENNA  ORIENTATION  FOLLOWING 

DEACTIVATION  OF  WHITE  SANDS  STATION 
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58  DELTA  REV  8386  FORREST  CITY, ARKANSAS 
MEASURED  21:36=23  Z  ,  PREDICTED  21:32  Z 
ALTITUDE  172  MILES  ,  176  MILES  EAST  FT.  SILL 
CENTER  ANTENNA  ,  N - S  PASS 
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ARPA—  BRL  DOPLOC  DOPPLER  RECORD  OF 
58  DELTA  REV.  8643,  FORREST  CITY ,  ARKANSAS 
MEASURED  1647:25  Z,  PREDICTED  1647  Z 
ALTITUDE  156  MILES,  139  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  NORTH -SOUTH  PASS 
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ARPA-BRL  OOPLOC  DOPPLER  RECORD  OF 
58  DELTA  REV.  8683,  FORREST  CITY,  ARKANSAS 
MEASURED  065|:30  Z  ,  PREDICTED  0651  Z 
ALTITUDE  413  MILES,  OVERHEAD  FT.  SILL 
CENTER  ANTENNA  ,  SOUTH -NORTH  PASS 
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58  DELTA  REV.  8719,  FORREST  CITY,  ARKANSAS 
MEASURED  1530:03  2  ,  PREDICTED  1528  Z 
ALTITUDE  186  MILES,  50  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  NORTH -SOUTH  PASS 
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ARPA-BRL  DOPLOC  DOPPLER  RECORD  OF 
58  DELTA  REV.  8734,  FORREST  CITY. ARKANSAS 
MEASURED  1454:02  Z.  PREDICTED  1452  Z 
ALTITUDE  186  MILES,  326  EAST  FT.  SILL 
CENTER  ANTENNA  ,  NORTH -SOUTH  PASS 
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MEASURED  1358:01  Z  ,  PREDICTED  1356  Z 
ALTITUDE  146  MILES,  158  MILES  EAST  FT.  SILL 
CENTER  ANTENNA  ,  NORTH  -  SOUTH  PASS 
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ARPA  -  BRL  OOPLOC  DOPPLER  RECORD  OF 
58  DELTA  REV.  9009,  FORREST  CITY,  ARKANSAS 
MEASURED  1011:12  Z,  FREDICTED  1009  Z 
ALTITUDE  134  MILES, 46  MILES  WEST  FT.  SILL 
CENTER  ANTENNA  ,  NORTH -SOUTH  PASS 
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ARPA-BRL  DOPLOC  DOPPLER  RECORD  OF 
58  OELTA  REV.  9172  FORREST  CITY,  ARKANSAS 
MEASURED  2121:06  Z,  PREDICTED  2119  Z 
ALTITUDE  315  MILES,  300  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  SOUTH- NORTH  PASS 


SATELLITE  PASS 
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ARPA-BRL  OOPLOC  OOPPLER  RECORD  OF 
58  OELTA  REV.  9255  FORREST  *CITY,  ARKANSAS 
MEASURED  0523*57  Z,  PREDICTED  0521  Z 
ALTITUDE  128  MILES,  120  MILES  EAST  FT.  SILL 
CENTER  ANTENNA  .  NORTH-SOUTH  PASS 
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ARPA  -  BRL  DOPLOC  DOPPLER  RECORD  OF 
58  DELTA  REV.  9286  FORREST  CITY,  ARKANSAS 
MEASURED  045845  Z,  PREDICTED  0457  Z 
ALTITUDE  123  MILES  ,  39  MILES  WEST  FT.  SILL 
CENTER  ANTENNA,  NORTH -SOUTH  PASS 
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ARPA-BRL  DOPLOC  DOPPLER  RECORD  OF 
58  DELTA  REV  9581,  FORREST  CITY,  ARKANSAS 

MEASURED  2317:41  Z,  PREDICTED  2317  Z 
ALTITUDE  116  MILES,  33  MILES  EAST  FT  SILL 
CENTER  ANTENNA,  NORTH  -  SOUTH  PASS 


ARPA-BRL  DOPLOC  OOPPLER  RECORD  OF 
58  DELTA  REV  9612,  FORREST  CITY.  ARKANSAS 

MEASURED  2218133  Z,  PREDICTED  2220  Z 
ALTITUDE  116  MILES,  328  MILES  EAST  FT.  SILL 
NORTH  ANTENNA,  NORTH  -  SOUTH  PASS 
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ARPA-BRL  DOPLOC  DOPPLER  RECORD  OF 
58  DELTA  REV  9716,  FORREST  CITY,  ARKANSAS 

MEASURED  1114:54  Z,  PREDICTED  1116  Z 
ALTITUOE  285  MILES,  135  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  SOUTH -NORTH  PASS 
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ARPA-BRL  DOPLOC  DOPPLER  RECORD  OF 
58  DELTA  REV  9722 ,  FORREST  CITY,  ARKANSAS 

MEASUREO  2044:312,  PREDICTED  2045  Z 
ALTITUDE  113  MILES,  122  MILES  WEST  FT.  SILL 
SOUTH  ANTENNA,  NORTH  -  SOUTH  PASS 
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ARPA-BRL  OOPLOC  OOPPLER  RECORD  OF 
58  DELTA  REV  9826,  FORREST  CITY,  ARKANSAS 
MEASURED  0847.25  Z,  PREDICTED  0848  2 
ALTITUDE  189  MILES,  403  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  SOUTH  -  NORTH  PASS 
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ARPA  -  BRL  DOPLOC  DOPPLER  RECORD  OF 
58  DELTA  REV  9832,  FORREST  CITY,  ARKANSAS 

MEASURED  1812.26  Z,  PREDICTED  1813  Z 
ALTITUDE  110  MILES,  244  MILES  EAST  FT.  SILL 
CENTER  AND  SOUTH  ANTENNA,  NORTH  -  SOUTH  PASS 
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ARPA-BRL  OOPLOC  DOPPLER  RECORD  OF 
58  DELTA  REV.  9848  ,  FORREST  CITY ,  ARKANSAS 
MEASURED  1811:46  Z.  PREDICTED  1813  Z 
ALTITUDE  109  MILES,  OVERHEAD  FT.  SILL 
CENTER  AND  SOUTH  ANTENNA,  NORTH -SOUTH  PASS 
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ARPA  -  BRL  DOPLOC  DOPPLER  RECORD  OF 
58  DELTA  REV  9927,  FORREST  CITY,  ARKANSAS 
MEASURED  1613  .'25  Z,  PREDICTED  I6MZ 
ALTITUDE  105  MILES,  375  MILES  EAST  FT.  SILL 
NORTH  ANTENNA,  NORTH  -  SOUTH  PASS 
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ARPA-BRL  DOPLOC  OOPPLER  RECORO  OF 
58  DELTA  REV.  9959,  FORREST  CITY, ARKANSAS 
MEASURED  1547:58  Z.  PREDICTED  1547  Z 
ALTITUDE  103  MILES.  266  MILES  EAST  OF  FT  SILL 
NORTH  ANTENNA,  NORTH -SOUTH  PASS 
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ARPA-BRL  DOPLOC  DOPPLER  RECORD  OF 
58  DELTA  REV  9975,  FORREST  CITY,  ARKANSAS 
MEASURED  1530!  24  Z,  PREDICTED  1531  Z 
ALTITUDE  103  MILES,  211  MILES  EAST  FT.  SILL 
NORTH  ANTENNA,  NORTH  -  SOUTH  PASS 
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58  OELTA  REV.  IOOOI  .  FORREST  CITY,  ARKANSAS 
MEASURED  0550*9  Z  .PREDICTED  0557  Z 
ALTITUDE  124  MILES.  285  MILES  EAST  or  FT.  SILL 
SOUTH  AND  CENTER  ANTENNAS.  SOUTH -NORTH  PASS 
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ARPA-BRL  OOPLOC  DOPPLER  RECORD  OF 
59  EPSILON  REV.  53,  FORREST  CITY,  ARKANSAS 
MEASURED  0539:34  2,  PREDICTED  0536  Z 
ALTITUDE  341  MILES,  279  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  SOUTH  -  NORTH  PASS 
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center  antenna,  n-s  pass 
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ARPA-BRL  OOPLOC  OOPPLER  RECORD  OF 
59  EPSILON  REV.  314,  FORREST  CITY,  ARKANSAS 
MEASURED  0309:50  2,  PREDICTED  03IIZ 
ALTITUDE  185  MILES,  191  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  SOUTH  -  NORTH  PASS 
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CENTER  ANTENNA,  NORTH-SOUTH  PASS 
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ARPA-BRL  DOPLOC  DOPPLER  RECORD  OF 
59  EPSILON  REV.  532,  FORREST  CITY,  ARKANSAS 
MEASUREO  0103  1492,  PREOICTED  0106  2 
ALT ITUOE  122  MILES,  3%  MILES  WEST  FT  SILL 
SOUTH  ANTENNA,  SOUTH  -  NORTH  PASS 
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ARPA-BRL  DOPLOC  DOPPLER  RECORD  OF 
59  ZETA  REV.  14,  FORREST  CITY,  ARKANSAS 
MEASURED  1741:51  Z,  PREDICTED  1745  Z 
ALTITUDE  136  MILES.  145  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  NORTH-SOUTH  PASS 
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ARPA  -  BRL  OOPLOC  DOPPLER  RECORD  OF 

59  ZETA  REV.  241,  FORREST  CITY,  ARKANSAS 
MEASURED  1559  :  34  Z,  PREDICTED  1601 Z 
ALTITUDE  213  MILES,  123  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  NORTH  -  SOUTH  PASS 
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ARPA-0&L  OOPlOO  DOPPLER  RECORD  OF 
59  ZETA  REV  536  FORREST  CITY,  ARKANSAS 
MEASURED  0144:16  Z, PREDICTED  01:46  1 
ALTITUDE  M7  MILES,  539  MILES  EAST  f  T  SILL 
CENTER  ANTENNA,  DIRECTION  $-N 
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ARPA-BRL  DOPLOC  DOPPLER  RECORD  OF 
59  ZETA  REV.  887,  FORREST  CITY,  ARKANSAS 
MEASURED  2332  I  56  Z,  PREDICTED  2338  Z 
ALTITUDE  170  MILES,  123  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  SOUTH  -  NORTH  PASS 
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ARPA  -  8RL  OOPLOC  DOPPLER  RECORD  OF 
59  KAPPA  REV  183  FORREST  CITY.  ARKANSAS 
MCASURCO  17  04  SB  2.  PRCOICTCO  1706  2 
AU7ITU0C  IIS  MILC5.  314  MILCS  CAST  TT  SILL 
CCNTCR  ANTCNNA.  NORTH -SOUTH  PASS 
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ARPA  -  8RL  OOPLOC  DOPPLER  RECORD  OF 
59  LAMBDA  REV.  96,  FORREST  CITY,  ARKANSAS 
MEASURED  16471  24  Z,  PREDICTED  1639  Z 
ALTITUOE  124  MILES,  323  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  NORTH  -  SOUTH  PASS 
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59  LAM80A  REV  138  FORREST  CITY,  ARKANSAS 
MEASURED  16*44:31  Z,  PREDICTED  16=40  Z 
ALTITUDE  138  MILES,  OVERHEAD  FT.  SILL 
CENTER  ANTENNA,  NORTH -SOUTH  PASS 
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ALTITUDE  138  MILES  ,26  MILES  WEST  FT  SILL 
SOUTH  AND  CENTER  ANTENNAS 
SOUTH -NORTH  PASS 
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ARPA-BRL  DOPLOC  DOPPLER  RECORD  OF 
59  LAMBDA  REV.  1285  FORREST  CITY,  ARKANSAS 
MEASUREO  0513:53  Z.  PREDICTED  0511  Z 
ALTITUDE  356  MILES,  342  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  NORTH -SOUTH  PASS 
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59  LAMBDA  REV  1516,  FORREST  CITY,  ARKANSAS 

MEASURED  02561102,  PREDICTED  0253  2 
ALTITUDE  137  MILES,  256  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  NORTH  -  SOUTH  PASS 
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ARPA-  BRL  DOPLOC  DOPPLER  RECORD  OF 
60  GAMMA  I  REV.  318,  FORREST  CITY,  ARKANSAS 
MEASURED  1257  : 23  Z,  PREDICTED  1256  Z 
ALTITUDE  440  MILES,  187  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  NORTH  -  SOUTH  PASS 
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GAMMA  I  REV.  403,  FORREST  CITY,  ARKANSAS 
MEASURED  0317:28  Z  ,  PREDICTED  0318  Z 
ALTITUDE  271  MILES,  400  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  SOUTH-NORTH  PASS 


SATELLITE  PASS 
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ARPA-BRL  00PL0C  DOPPLER  RECORD  OF 
60  GAMMA  I  REV.  418,  FORREST  CITY,  ARKANSAS 
MEASURED  0303:26  Z  ,  PREDICTED  0304  Z 
ALTITUDE  287  MILES,  212  EAST  FT.  SILL 
CENTER  ANTENNA  ,  SOUTH- NORTH  PASS 
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60  GAMMA  I  REV.  836,  FORREST  CITY,  ARKANSAS 
MEASUREO  1032: 12  Z  ,  PREOICTED  1633  Z 
ALTITUDE  312  MILES  ,  232  MILES  EAST  FT.  SILL 
CENTER  ANTENNA  ,  SOUTH- NORTH  PASS 
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ARPA  -  BRL  DOPLOC  DOPPLER  RECORD  OF 
60  GAMMA  I  REV.  960,  FORREST  CITY.  ARKANSAS 
MEASURED  2048110  Z,  PREDICTED  2049 Z 
ALTITUDE  205  MILES,  154  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  NORTH  -  SOUTH  PASS 


SATELLITE  PASS 
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ARPA-  BRL  DOPLOC  DOPPLER  RECORD  OF 
60  GAMMA  2  REV.  1042,  FORREST  CITY,  ARKANSAS 
MEASURED  1902:09  Z  ,  PREDICTED  1900  Z 
ALTITUDE  250  MILES .  235  MILES  EAST  FT.  SILL 
CENTER  ANTENNA.  NORTH -SOUTH  PASS 
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Fig.  7U 
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ARPA-BRL  DOPLOC  DOPPLER  RECORD  OF 
60  DELTA  REV.  I  IT.  FORREST  CITY,  ARKANSAS 
MEASURED  0627141  Z,  PREOICTEO  0629  Z 
ALTITUDE  204  MILES,  255  MILES  EAST  FT.  SILL 
SOUTH  ANTENNA,  SOUTH  -  NORTH  PASS 
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EPSILON  I  REV.  99,  FORREST  CITY,  ARKANSAS 
MEASURED  082i:32Z,  PREDICTED  0820  Z 
ALTITUDE  200  MILES,  305  MILES  EAST  FT.  SILL 
NORTH  ANTENNA,  SOUTH  -  NORTH  PASS 
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60  EPSILON  I  REV.  165,  FORREST  CITY,  ARKANSAS 

MEASUREO  1624  159  Z ,  PREDICTED  1628  Z 
ALTITUDE  288  MILES,  96  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  NORTH  -  SOUTH  PASS 
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SATELLITE  PASS 
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ARPA  -  BRL  DOPLOC  DOPPLER  RECORD  OF 
60  EPSILON  2  REV.  106,  FORREST  CITY,  ARKANSAS 
MEASURED  1733  : 24  Z,  PREDICTED  1735  Z 
ALTITUDE  208  MILES,  203  MILES  WEST  FT.  SILL 
SOUTH  ANTENNA,  NORTH  -  SOUTH  PASS 
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SATCLUtE  PASS 
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ARPA-BRL  DOPLOC  DOPPLER  RECORD  OF 
60  EPSILON  2  REV.  153,  FORREST  CITY,  ARKANSAS 

MEASURED  1655!  14  Z,  PREDICTED  1657  L 
ALTITUDE  209  MILES,  112  MILES  EAST  FT.  SILL 
SOUTH  ANTENNA,  NORTH  -  SOUTH  PASS 
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ARPA  -  BRL  DOPLOC  DOPPLER  RECORD  OF 
60  EPSILON  2  REV.  194,  FORREST  CITY,  ARKANSAS 
MEASURED  0642  2,  PREDICTED  0638  Z 
ALTITUDE  193  MILES,  159  MILES  EAST  FT.  SILL 
NORTH  ANTENNA,  SOUTH  -  NORTH  PASS 
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SATELLITE  P  A5$ 
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60  EPSILON  2  REV.  309,  FORREST  CITY,  ARKANSAS 
MEASURED  1325-57  Z,  PREDICTED  1327  Z 
ALTITUDE  205  MILES,  305  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  NORTH -SOUTH  PASS 
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ARPA  -  BRL  DOPLOC  DOPPLER  RECORD  OF 
60  EPSILON  2  REV.  356,  FORREST  CITY,  ARKANSAS 
MEASURED  I240:39Z,  PREDICTED  1238  Z 
ALTITUDE  201  MILES,  30  MILES  EAST  FT.  SILL 
NORTH  ANTENNA,  NORTH  -  SOUTH  PASS 
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ARPA  -  BRL  OOPLOC  DOPPLER  RECORD  OF 
60  EPSILON  2  REV.  617,'  FORREST  CITY.  ARKANSAS 
MEASURED  2218 : 14  Z,  PREDICTED  2218  Z 
ALTITUDE  203  MILES,  77  MILES  EAST  FT.  SILL 
CENTER  ANTENNA.  SOUTH  -  NORTH  PASS  Fi«*  95 


SATELLITE  PASS 
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60  EPSILON  3  REV.  280,  FORREST  CITY,  ARKANSAS 
MEASUREO  0435:21  Z,  PRE0ICTE0  0435  Z 
ALTITUDE  232  MILES,  358  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  SOUTH  -  NORTH  PASS 
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ARPA  -  BRL  DOPLOC  DOPPLER  RECORD  OF 
60  EPSILON  4  REV.  280,  FORREST  CITY.  ARKANSAS 
MEASURED  0441.29  Z,  PREDICTED  0441  Z 
ALTITUDE  240  MILES,  270  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  SOUTH  -  NORTH  PASS 
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ARPA  -  BRL  OOPLOC  DOPPLER  RECORD  OF 
60  EPSILON  6  REV.  265,  FORREST  CITY,  ARKANSAS 
MEASURED  0502.06  Z,  PREDICTED  0502  Z 
ALTITUDE  218  MILES,  210  MILES  EAST  FT.  SILL 
CENTER  ANTENNA,  SOUTH  -  NORTH  PASS 
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ALTITUDE  233  MILES.  190  MILES  EAST  FT  SILL 
CENTER  ANTENNA  ,  NORTH  -  SOUTH  PASS 
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M0139  S13BI330  Nl 

S3TDOOH*  Nl  H10N3M1S  1VN9IS 

A0N3003UJ  MBTddOO  m  cnj 
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ARPA-BRL  DOPLOC  DOPPLER  RECORD  OF 
UNIDENTIFIED  OBJECT  FORREST  CITY,  ARKANSAS 
MEASURED  1643  04  2,  CENTER  ANTENNA 
ALTITUDE  398  MILES,  140  MILES  EAST  FT.  SILL 
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ARPA-BRL  OOPLOC  DOPPLER  RECORD  OF 
UNIDENTIFIED  OBJECT  FORREST  CITY,  ARKANSAS 
MEASURED  0235' 22 Z  ,  CENTER  ANTENNA 
ALTITUDE  190  MILES,  117  MILES  EAST  FT.  SILL 
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ARPA-BRL  DOPLOC  DOPPLER  RECORD  OF 

UNIDENTIFIED  OBJECT  FORREST  CITY,  ARKANSAS 
MEASURED  16-41  ^  3 1  Z  ,  CENTER  ANTENNA 
ALTITUDE  178  MILES,  115  MILES  EAST  FT.  SILL 
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antenna  MEASURED  iESB'OlZ 
ALTiruDf  100  MILES.  20  MILES  WEST  FT  SILL 


SJ1DAD0HX  Ni 
A0N3OO3UJ  W33cJ<J00 
vn  o  k  co 


to 

to 

<1 

0. 

h* 

O 

UJ 

n 

CD 

O 


T 

3 


! 

i 


i 


snoAoaDw  io  o 

M033U  S "1 30i330  NI 
H13N3MJIS  3VN0IS 


iTl  III  00 


.1 

T 


(O 

< 

V) 

Z 

< 


K 

b. 

<1 

is 

lii  ^ 
h-  UJ 

I  « 


o:  _ 
uj  5 

K 

2  ^ 
UJ  lO 
O  - 


-  £ 

00  _J 

« 5 
»  00 
®  o> 


£C 

cn 

< 

Q. 

a; 

< 


8- 
c  § 
to  r- 

<  H 
UJ  _J 
2  < 


& 


to 

■H 


.16; 


S313AD0H*  Ml 
A3N3fiC3iJJ  H33d<JOQ 


S110A0U3IW  ZOO 
M013S  S33BD3Q  Nl 
H10N3U1S  1VNOIS 


U. 

O 

O 

£E 

O 

<_> 

UJ 

a. 

tr. 

UJ 

_i 

o. 

0. 

o 

o 


<_> 

o 


a. 

o 

o 


a: 

CD 

1 

2 

a: 

< 


164 


UNIDENTIFIED  OBJECT,  FORREST  CITY,  ARKANSAS 
CENTER  ANTENNA  MEASURED  2056  00  Z 
ALTITUDE  485  MILES,  140  MILES  EAST  FT.  SILL 
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NI0ENTIF1ED  OBJECT  FORREST  CITY,  ARKANSAS 
MEASURED  2146=10  2,  CENTER  ANTENNA 
ALTITUDE  I9C  MILES.  135  MILES  EAST  FT.  SILL 


□BJECT  PASS 
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ARPA-BRL  OOPLOC  DOPPLER  RECORD  OF 
UNIDENTIFIED  OBJECT  FORREST  CITY,  ARKANSAS 
MEASURED  0101  22  2,  CENTER  ANTENNA 
ALTlTUOE  265  MILES,  40  MIlES  EAST  FT  SILL 
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ARPA-8RL  OOPLOC  DOPPLER  RECORD  OF 
UNIDENTIFIED  OBJECT  FORREST  CITY,  ARKANSAS 
MEASURED  005704  Z  ,  CENTER  ANTENNA 
ALTITUDE  190  MILES.  130  MILES  EAST  FT.  SILL 
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ARPA-0RL  DOPLOC  DOPPLER  RECORD  OF 
UNIDENTIFIED  OBJECT  FORREST  CITY,  ARKANSAS 
MEASUREO  0120  =  43  Z,  CENTER  ANTENNA 
ALTlTUOE  195  MILES,  117  MILES  EAST  FT.  SILL 


ADN3n03yj  USlddOQ 

SaiDAOOUX 

m  n  ®  c\ 


H10N3M1S  1VN9IS 

M  80 

fit  -  m  ci 

®  N  N  IQ  \0 

T  T  T  IT 

indJ.no  M3AI3338 
1»  N/S  IT  MOT  3  9  80 
®  N  in  ft 


ii  i  i 


arpa-brl  ooploc  ooppler  recoro  of 

UNIDENTIFIED  OBJECT ,  FQRREST  CITY,  ARKANSAS 
MEASUREO  0906:33  2,  CENTER  ANTENNA 
ALTITUOE  300  MILES,  90  MILES  WEST  OF  FT.  SILL 
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DOPPLER  RECORD  OF  ACTIVE  N-S  TRACK  OF 
58  DELTA  (SPUTNIK  m }  REV.  9958  AT 
ABERDEEN  PROVING  GROUND,  MARYLAND 
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DOPPLER  RECORD  OF  ACTIVE  N-S  TRACK  OF 
60  EPSILON  I  (SPUTNIK  HE  )  REV.  26  AT 
ABERDEEN  PROVING  GROUND,  MARYLAND 
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DOPPLER  RECORD  OF  ACTIVE  S-N  TRACK  OF 
59  EPSILON  (DISCOVERER  3C  )  REV.  7  AT 
ABERDEEN  PROVING  GROUND,  MARYLAND 


H19N381S  1VN9IS 

indino  d3A!3D3a  iV  N/s  I  I 
01  133dS3H  HUM  00 

ip  o  it  ^ 

T  I 


A0N3nO3«i  d31dd00 
S33DA00TIM 

O  M 


DOPPLER  RECORD  OF  ACTIVE  N-S  TRACK  OF 
58  DELTA  (SPUTNIK  IE)  REV.  10007  AT 
ABERDEEN  PROVING  GROUND,  MARYLAND 


AXIS  (ALTITUDE  IN  MILES) 


OOPLOC  FREQUENCY  AND  RATE  OF  CHANGE 
OF  FREQUENCY  AS  A  FUNCTION  OF 
POSITION  IN  THE  YZ  -  PLANE 
(FOR  80*  INCLINATION) 


Fig.  123 


SATELLITE 


FORT 

SILL 


FORREST 

CITY 


A  «  24*  *  AZIMUTH  ANGLE  OF  TRANSMITTING  ANTENNA.  • 

B  «  25*  «  AZIMUTH  ANGLE  OF  RECEIVING  ANTENNA. 

R|  »  SLANT  RANGE  FROM  TRANSMITTER  TO  SATELLITE. 

R2  *  SLANT  RANGE  FROM  RECEIVER  TO  SATELLITE. 

y‘  ANGLE  THAT  Rl  MAKES  WITH  CENTER  OF  TRANSMITTING  ANTENNA  BEAM. 

8  -  ANGLE  THAT  R2  MAKES  WITH  CENTER  OF  RECEIVING  ANTENNA  BEAM. 

a  *  ANGLE  THAT  R,  MAKES  WITH  BASE  LINE. 

0  =  ANGLE  THAT  R2  MAKES  WITH  BASE  LINE. 

Z  =  ALTITUOE  OF  SATELLITE  IN  CENTER  ANTENNA. 

GR  *  GROUND  RANGE  FROM  FORT  SILL. 


FIG.  124  -  CENTER  ANTENNA  GEOMETRY 


z  =  SATELLITE  HEIGHT  IN  CENTER  AND  NORTH  OR  SOUTH  ANTENNAS. 

X  =  PERPENDICULAR  DISTANCE  BETWEEN  BASE  LINE  AND  SATELLITE 
INTERSECTION  POINT  IN  NORTH  OR  SOUTH  ANTENNAS. 

Y  =  PERPENDICULAR  DISTANCE  BETWEEN  20°  PLANE  AND  90°  PLANE. 

AC  *  r  =  GROUND  RANGE  IN  CENTER  ANTENNA. 

BC  s  d  =  DISTANCE  MOVED  ALONG  BASE  LINE. 

AB  =  GROUND  RANGE  IN  SOUTH  .ANTENNA. 

B\  =  ANGLE  BETWEEN  SUB  -  SATELLITE  TRACE  AND  BASE  LINE..  .... 


FIG.  125  -  ALTITUDE  AND  GROUND  RANGE 
GEOMETRY  IN  SOUTH  ANTENNA 

i8l 


•  I'd1-  3°) 


N.  LATITUDE  t 


EQUATOR 


SOUTH -NORTH  PASS 


j  *  ORBITAL  INCLINATION  AT  EQUATOR. 

i1  =  ORBITAL  INCLINATION  AT  NORTH  LATITUDE 

9  i  «  ANGLE  BETWEEN  SUB  -  SATELLITE  TRACE  AND  BASE  LINE. 


FIG.  126  -  SATELLITE  INCLINATION  WITH 
RESPECT  TO  BASE  LINE 


182 


NORTH  ANTENNA 


FORT 

SILL 


SOUTH  ANTENNA 


FORREST 

CITY 


NORTH  -  SOUTH  PASS 


GROUND  RANGE  (GR) 


IN  NORTH  ANTENNA  =  r-d 

IN  SOUTH  ANTENNA  =  r  +  d 

WHERE  r  =  GR  IN  CENTER 
ANTENNA  AND  IS  EAST  OF 
FORT  SILL,  AND  D  =  DISTANCE 
MOVED  ALONG  BASE  LINE. 


FORREST 
■°  CITY 


GROUND  RANGE  (GR) 


IN  NORTH  ANTENNA  =  T  +  d 
IN  SOUTH  ANTENNA  =  X  -  d 


SOUTH -NORTH  PASS 


WHERE  r  *  GR  IN  CENTER 
ANTENNA  AND  IS  EAST  OF 
FORT  SILL,  AND  D  =  DISTANCE 
MOVED  ALONG  BASE  LINE. 


FIG.  127 


GROUND  RANGE  IN  NORTH  AND  SOUTH  ANTENNAS 


SATELLITE 


FORT 

SILL 


FORREST 

CITY 


A  3  24  0  3  AZIMUTH  ANGLE  OF  TRANSMITTING  ANTENNA. 

8  =  25°  3  AZIMUTH  ANGLE  OF  RECEIVING  ANTENNA. 

R,  =  SLANT  RANGE  FROM  TRANSMITTER  TO  SATELLITE. 

R2  s  SLANT  RANGE  FROM  RECEIVER  TO  SATELLITE. 

y  *  ANGLE  THAT  R,  MAKES  WITH  CENTER  OF  TRANSMITTING  ANTENNA  BEAM. 

8  1  ANGLE  THAT  r2  MAKES  WITH  CENTER  OF  RECEIVING  ANTENNA  BEAM. 

a  3  ANGLE  THAT  R,  MAKES  WITH  BASE  LINE. 

fl  =  ANGLE  THAT  R2  MAKES  WITH  BASE  LINE. 

Y  3  PERPENDICULAR  DISTANCE  BETWEEN  SATELLITE  INTERSECTION 
POINT  IN  20°  PLANE  AND  90°  PLANE. 

GR  =  GROUND  RANGE  FROM  FORT  SILL. 


FIG.  128  -  NORTH  AND  SOUTH  ANTENNA  GEOMETRY 
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:Ac;ro 


Ai-iGl'L^R  •APOSIT.IO, 


76  °i  ■■ante  un  a. 

nr.u^\iu*,\AV-\ 


If 

Jill 

Hfl 

ft 

V,  V 

DISTRIBUTION  LIST 


No.  of 

Copies  Organization 


No.  of 

Copies  Organisation 


1  Chief  of  Ordnance 

ATTN:  0RDT3  -  Bal  Sec 
Department  of  the  Army 
Washington  25,  D.  C. 

1  Commanding  Officer 

Diamond  Ordnance  Fuze  Laboratories 
ATTN:  Technical  Information  Office 
Branch  012 
Washington  25,  D.  C. 

10  Commander 

Armed  Services  Technical 
Information  Agency 
ATTN:  TIFCR 
Arlington  Hall  Station 
Arlington  12,  Virginia 

i  Commander 

Air  Research  &  Development  Command 
Andrevs  Air  Force  Ease 
ATTN:  RDTS 
Washington  25,  D.  C. 

1  Commander 

Air  Force  Command  sc  Control 
Development  Division 
Air  Research  u  Development  Command 
U.  S.  Air  Force 
L.  C.  ?!anscom  Field 
Bedford,  Massachusetts 

1  Commander 

Air  Proving  Ground  Center 
ATTN:  PGTRI 

Eglin  Air  Force  Base,  Florida 


1  Commanding  Officer 

U.  S.  Army  Communications  Agency 

The  Pentagon 
Washington  25,  D.  C. 

1  Commanding  Officer 

White  Sands  Aiinex  -  BRL 
While  Sands  Missile  R  tin  go 
New  Mexico 

2  Commanding  General 

/e-ray  Ballistic  Missile  Agency 
ATTN:  Dr.  C.  A.  Lundquist 
Dr.  F.  A.  Speer 
Redstone  Arsenal,  Alabama 

1  Director 

Advanced  Research  Projects  Agency 
Department  of  Defense 
Washington  25,  D.  C. 

1  Director 

Advanced  Research  Projects  Agency 
ATTN :  IDA  -  Mr.  R.  Jacobson 
Department  of  Defense 
Washington  25,  D.  C. 

1  Director 

National  Aeronautics  and 
Space  Administration 
1520  K  Street 
Washington  25,  D.  C. 
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